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CHAW-iE 1 


IlfaJMCTlOll 


IMia iB f©rtui]»t« ia iiiifiag reserves of 1mm, 

©r#f tit# T9M «attirial for steel, ©i® »®®e3rr@« are 

r sported to ti® aroimd 21^400 toiiiie® wit& an av®ra§® 

1 

aoateat of 52 fct. a»i afeov'e . A aabstaatial ajKsmiit of 
tfaie retexv# 1© li«aa title aad tei^ «»d® in terns of tro» 








proP'Srti.on Qf -10 mm flnm» tmm In^iMo. aiii«® is ss®’^©r 
tl»B 33 pet and i@ ULksij to w^®a «iai»g ia oa3?Klsd 
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at&liOjr from typ*ii of Iwaiiag, 
































iiav« peopfomed on 0«*74 Bgyrama slie* &n& BMXai e»r«» 

kad ti.mXlf Wlp&^WlomtmtiQM t««t« ©a 1-^ adosma Barsaa :11®© 
.aM sjatheti© alxtaa# ®f far© ^B«rai8 tov* lata p«rfomei.- 
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CN^&rfliiS fraetiom* lj:mck@tt«d r®for» to th® rsEalnder or lighter fraction. 
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Stokes eqmatioBs 

V « I* 
a 9 It 

vkers 

* fsMioal Tfilocity of the ssttiiag partidss 
r » ladias of thm partiei# 
p » fieeosityof ike oedita (24 stilled water) 

^ « Density of Ike-partiol® 

A* * Density of tke aeiiua 

Settling tlae » ^ aeoomde 

M 

h m keiglit of eettllisg in m. (75 or ^ oa) 

^ was takea a® 2*425, tlie deaeity of IlMte ^lok i® 
ttaa the aineralc laciimits, KoaiKorillonit® end Heaatit#, 
ffcls should ensure alaiauii pro^xtlon of particles coarser 
thKis the desired sise tang®# fii© particle sis® va® 
cheeked under the optical iieroeeope# l^e ohesiGel anelysle 
of verioue sloe freottens Is giir« in ^hls I, 
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t', » 40 11 8®c* 

^2 «ie8 ar», 45 An* ^nd 1? sec. 













^ Cik&jAa&l toaijrsis of or® fet* l*5-2*0 pot* IAQ 2 

mM 4-6 pet* ^ 2^3 

2*2 Slitai.oalg : 


2*2*1. Hocculaat t 


i) Ooiasercial Starefe 
ii) 3t«roh fhoi^liat® 

iti) lagaafloo 292* a eatloBie fleecalajat supplied by 




























































th 

do«s not imrolir* any u«® of laDW I© alsost siiillar to tli© 
irotbod no, X* 

Qq far as tl%« 2M sotliod le ooiio«n«di it iims tten 
r Sported by i3elio#i st al tiiat after autoeXaTiag, the 
soltitlon had somewhat lower intri«»io wiaoosity than the 
solutios obtained from boiled etarcli-^aBte. Ibr this reaeoa* 
prolonged boiUng in the preeeno# of excess pentaeol wae 
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Preparation of Starch piioaplsate tislng hono and risciii'jr. 
hydrogen phosphate. 


Preparation of starch phc 


•‘.te nsiag PoCl 


«3f • 
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The phosphorous contmt in the starch phosphate prepared by 



were used for this woxic 
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fco 50u ee 
iBinmtes), 






























Cwsettli^) fortioa® 0'fetaiae4 ¥«r# &a€ w«p« 1s«rffi#d as 

fraetioa *C% 
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After 1 tlie stlrrsr was ani th® s 

to ia two lai^ers ia two !i:J,auteB. fb# t' 
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restalte tabula t®a la fable 1, sbow that aitliough tb® grad# 
obtaiaed with ag®iag mrictj of 04* mtarcii is better, tiie 
reciTery is also S-bired that recovery of 

heaiatite with the ageiag variety of QkL starch was very poor, 

Jo for future erperiaents it waa tieeided that fresh atarefe 
solution (Mon-ageing variety) woisii be used for flocculation 
erp eriments. 

Some ®3ff@riB®nta were f®rf03»ed with freshly prepared 
Gli starch, and 1-20 pm particles to find th© optimua wncea- 
tration of starA which would give gsed selectivity index 
values# The results are tabulated Is Table 2 (I'l.g. 2)# 

1-5 pp® starch gave best eeleotivity indices# But still the 
sluisiiia percentage is not below 6#C'# Jlailar experiaieats 
with atarcfe pix>s^ate gave better aelectlvity Index valuee# 

Tho results are tabulated in fable 5 and plotted in llg# 3# 

Ihe best selectivity index value Ibr fe^^-AlgO^ eeparatioa 
was 2,09# but still Haatsa percentage was not 
below 7,0 pot. 

It was felt that probably liberation is not good at 
1-2^ pa, liberation studies rmtmrod to in Ghapter 1 also 
indicate better liberation at l«d pn else rtuige. Bo it wa@ 
decided to carry out future studia® with 1-8 }« else only* 

Initial experiaente with pn particles wire performed, 
under the coadltlons sinilar to the conditions under which the 





iaiep®i’»aa*fe 

conoeatratioii 

pot* 

pm 












2 ‘: 


Furthia* >-8tag® floccuiatiofi mperimmts at 10*5# 
witbowt anj disperBants failed to increase t^© recoTsry of 
fraction *A* beyond 5 pot* It wao tlwngfet tfaat apart fro® 




































■tmrtM w&m premmmbtsf l*«©aus® it ma a M. 
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expsrilijeats werm ion#. Thu ar® tabiilatei in laill,# 13 . 

It ®«<m8 15 ppiB of dlaporaaat eoncontration |}® 
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The results of floe- flotation experiments on 1-8 fija 
Barsua Slime and Synthetic mixture of pure mineral are 
tabulated in Table 18 and 19 respectively. The recovery of 
unfloated material decreases with increasing collector 
concentration. Although there is not much separation in 
case of Barsual slime there is an optimum concentration of 
collector which gives good grade. The data are plotted in. 
ag. 8, 

In case of experiments with kerosene oil better 
select! Vi tsr is obtained without any collector. It may be 
possible that kerosene makes the clayey particles hydrophobic. 

The reeulte and tioa© are sufiiieriBed in 

i,rr:ary ill, page 37C«) to 37Ce)# 





37(a) 






















Suoimry II Cimpt«r !)• A out at i5 pa providoa l»«st 

3., 3 itoaroaa tlie tost Fo-Al soparation i® 
possiblo at ® pm CS*I. 1.72). LmrgBr pz^fortious of A1 aad 
Si ooiio in the flnor fraotioa* - mr* M tliaa Si. ads 1® 
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2* Selectivity aoticei ia Barsim Hashiag Plant operation 
is dme to the coabined effects of tlie aboT@»B®ntion@d 

C-5 

factors! differ «Btial grinding and somil ext ®nt\lib ©ration* 

A typical welling t»®et^ on soft laisinated and lateritic ore 
perforaed on 23*10.1976 gave the folloaiag resnltat “KIO T/lir, 
feed aeeayiag 57,8 pet. P©, 2,8 pet* and 7*2 pot, Al^D^ 

gav® 240 f/hr ♦ 10 aa luap aasayii^ 60,9 Pe* 1»9 SiO«, 

mm 

4,9 Al 2 ^ 3 » f/hr • 10 + 2 aa Material aaeafiag 59.9 Pe» 

2,3 StOg* 5.1 AlgOj and 172 f/br slim© assaying 42,8 f® 

12,7 SiOg ^*3 + 10 wa and • 2 wbl ^ 

81im® is ecnspnted a® x Somewiiat different 

analysis for tb® slim® provided by H,e, Moban^ (53.5 pot* B®, 
9.2 pot, AlgO^) ^etw® r®-©©mput®d S,I* as 1,45. Ibr 10 m 
cat and 2 n cut, S,J, iralass ar® 1*35 and 1.26 respectively* 
Another set of verbally cosaaoniaated data (normal wsbingi 
washed fraction- fe 60.0 AlgO^ 4.0, slim® - Fe 48.0 AlgOj 9*0, 
polymer w^iagj washed fraction - F® 60.0 AigO^ 2,0, slime - 
- P® 46,0 AlgOj 12.0) gave as 1,7 for norml wasbiBg 

and 2*7 for polymer washing, 

llbas it is clear that selectiirlty index values in 
the plant ar# limited \1. 5-3-0 iao to partial liberation and 
differential grinding. Polymer wasMiig corresponds to 
seleotivo ^aporsion of day partiolos and provide only sli#.tly 


1 
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better 


3* ELgs* 2 and 3 (fcblee 2 and 3) Bimw that for 1—^ H® 
Barsua sliae particles some s^ectlTity is obtained with 



is optiml for inter-particle hridglng and floccalatioi*^*^*'^* 


6» Osuall^ ircnp>KLliocii. separation has been found to 
be better than iion-aluffliniun separation# as ad;Jndged 
throuidi S*l. ▼mines. Shis was probably due to better libera- 
tion of quarts and easier separation of iron oxide thinm^ 
flocculation ▼is«»*a..fie quart mther than clay^^. 
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distinctlj a llfe«ratioa effaet aad bettar reeults ar® difficult 
to obtain without improired liberation (vide Suoaary &ble !)• 

8. Higher pB and dispersant ooneeatration produce better 
grade but poorer recovery* Repeated flocculatioii lowers 
recovery without auch iaproveaeat is grade. Sojaaguudaran 

et sl^'^^ as well as Dicks et al^^ have noted general reeiprocal 
relationship between grade and floeciilation recovery. 

9 . Sbama*© experiments^^ with iUlly liberated pure 
mineral particles idiow that hematite-clay separation is not 
ideally seleotire with starch as flocculant* With 5Ci50 
mixture of 1-8 pa heaatite-clay particle® treated as 1 pet. 
suspension with 40 ppa starch, 100 ppm sodiwa silicate and 
50 ppa sodium fluoride, S.I. for i'i] 60 linite, KontaoriHonite 
and llllte as clay have keen pnly 3»58, 5.12 and 3 »% 
respectivi^y. Chrade and recoveiy values were near 76-78 p.c* 

Much better S.I. values are desirable. Inf erior results with 
Barsua slime (S.I. 2,66) are attrifeutible to incomplete 
liberation and problem with fine particles. 

10. Jbeperiments on 0-74 pm Barsua slime and Bhilai ere did 
not give any good ei^eetivity. 

11* leeently* there hae been a strong research interest 
in floo-flotatioa* It hae been recommended^ that mineral dimes 
may be adotuately flocimlated and feen extra flocculant isay 


ill K ^ pijff 



V «3028> 









85 pot. recovery of hematite aad 6? pet. assay in the sink 



and selectivity of tw> steps instead of one# S.I. values 
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15* la the case of Barsma alia®, liberatioa is mach 
aore diffieizXt and posedble slightly below 8 pa and 
appreciably only below 2 pa* !Ehat hematite is difficult to 
flocculate at snoh mall dses has becfin indicated by ShariMi^^ 
as well as CSoloabo for soai—indastrlsl operations* 

14, Heaatit# slimes can be flocculated if dispersants are 
avoided and starch dosage is increased. Ihe former results 
in poor dispersibility of clay minerals and later in poorer 
selectivity* Somasundsran et al^^ and Iriend et al^^ have 
reported that selectivity for heaatite»Q.u.art 2 separation is 
high at low starch concentrations* If starch concentration 
is increased t even quarts gets floccailated lowering selectivity*, 
He»flooeiilation gives better grade because stardh is not 
strongly adsorbed on quarts^ Siese considerations introduce 
an inherent dilmaa^regards usage of larger quantities of 
dispsreant and floeculant* 

15* Poor selsctivity for quarts and silicate ninerals may 
be caused by hard water or prmmm of and «g‘*^«t Ga^ ion 
is known as an activator for adsorption of starch on quarts^, 
Clarke and Cksoke observei^^ high adsorption of dm** aM Mg”^ on 
quarts, at high pH above 20-10,5 a© GaOl”*’ and MgCOH)^, 

Iwasski et al reported floceulaMlity of quarts at pfi 
in pres««ice of Ga'*”*' and Mg"^ unless sequestering agents like 
eilioate or peljn^oe^ates are ueed* KLoctmlaticn of kaolin! te 
by polya^rylaaiides has been reported to be apt^ented by 

Ca*^ion55. 
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•#- 

In our experifflfflat8_- eventeougi'- distilled water was 
used, 'the filtrate from the pulp in flocculation experiments 
contained around 80 ppa Ca and 12 ppm Mg as ions (lo iron 
was detectable). It Is conceivable that these ions originating 
fmm. clay minerals^^ may self-activote the said minerals 
with reference to starch adsorption resulting in poor hematite- 
clay separation which m,j not be significantly improved by 
repeated flocculation. 

Variables pertaining to the use of ntaroh 

16, Uhile It is known that star^ is the issst versatile 

q 

flocculant for hematite, better than polystyrene sulfontate'^ , 
the details regarding the starch molecules and their constituents, 
as they are obtained from diverse sources, are extremely 
complex meriting separate disouesioa* 

17* tte early works^^*^^ on storch as depressant or flo- 
eculant for hematite liiow that all or most starches are 

adsorbed on h«tatite, there are appreciable differences on 
adsortebillty, flooculability depeoiing upon the sotorce and 
me-^od of preparation. Major TOOstituents of starch are 

tlZ 

asylose (lower mol, wt, straight chained) and amylopectin 

6 

(hi^er aol, wt.^10 , long and branch-chained with more 
phosphoryl group) ® and there may be tranettional molecules 
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of iatermodiate size, chain length, bmachlng and miaher of 
reaetiTe gromps^^. It has been shown that aost suitable 
starches for flocculation are anionic and high in 

ajsjlopeetin^^*^^, IwasaW. and A»a:!. reported^^ that aio^lopectin 
is Mrs adsorbable than affijrlO'Se on hematite and quartz, IMs 
has be^ contradicted by dchulz and Cooke^^ who have reported 

47 

higher adsorbabilitj of amyloee, w^jme work in our laboratory 
has clearly established superior adsorbability of amylose on 
hematite on a molar basis* fhe results obtained by Iwaaakl 
@t al were reported ©n mg/m bagle and can be easily explained 
in term© of much higher molecular wei^t of amylopoctia* 

Howev^, In spite of lower adsorbaMlity, ainylopectin lay be 
more crucial than amyloe® for iiinei-.-l. flocculation, ttether 
this is due to greater chain length or branching or phosphoryl 
group content is not precis^y known. 




Caiang^® has reported ojdLdlsed starch to beXbest in 


selectiTily adeorbing on h^eatite particles, latarajan ©t ©1 
has reported that Inilox JIf , an oxidised starch has superior 
flocculating power than Anilox If which is also oxidised 
starch but probably ©f3ower molecular weiglit, Iwasski and 
Lai hare emphasized that rupture of starch granules is 
an important prerequiBite, Cauaticising/homorcenislng not only 
solubilises but also lower# the molecular wMght of starch by 
degradation and makes it •more effoctlwe, weight- for-w®i^t. 
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mziy vital factors regarding the uoe of starch in a flocculation 



above and their re^ectiv® natures in teras of dharge dmsitj 



of dissolution on factors (ii) to (iv) and lastly (vl) the 



of starch constituents. 















and one ie in a position to eTaluato Iti© individual contritetions 
of the above factors each (i) to (vi). 






















iimbl 


the C‘«se of Barsua slim®, the nature of 12ie difficulties 
associated with such problems has been under stcKjd, I. cl 


the dieooverj of optl«.al phyeleo-cheidcai conditions, which 
may result in S*I. much larger than 3-4. 
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Starch concentration in ppm 

Effect of starch concentration on 
the flocculation of (1-8 jU/) Barsua 
slime , pH : 7.0 
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Fig.S'S' Effect of starch concentration on the 
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A Grade, 5 ppm starch 
o Recovery, 5 ppm starch 
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Number of flocculation stages 


- Effect of number of stages on the flocculation 
of l-Bjuum Barsua slime by MCH starch at 
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Fig.*^ - Effect of number of stages on the floccu- 
lation of 1 “ 8 pm Barsua slime by MCH 
starch at 10.5 pH . 
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TASLE 4f 


Effect of Various Parameters on the Percentage 
of(l-8)jim fraction Elocculatod (Single Stage) 


Expt . Starch 
iJo. concn. 
(ppm) 

pH 

Pulp Stirrer 

density speed 
pet. (RPM) 

Eisp er- 
sant 
concn. 
(ppm) 

pet. floccu- 
lated 

1 

200 

6.7 

1 

2000 

0 

27.08 

2 

200 

6.7 

1 

1000 

C 

75.07 

5 

300 

6.7 

1 

1000 

0 

64.0 

4 

400 

6.7 

1 

1000 

0 

46.3 

5 

200 

6.7 

2 

1000 

0 

93.38 

6 

200 

6.7 

4 

1000 

0 

97 . 13 + 

7 

200 

10.0 

1 

1000 

0 

50.5 

8 

200 

6.7 

1 

1000 

100 

19.31 

9^^ 

200 

6.7 

1 

1000 

0 

71.38 

10 ' 

99 200 

6.7 

1 

1000 

0 

76.9 

9 

Starch solution was 

prepared by usual procedure. Ibr 


experiments no 

. 1-8 

and 10 the 

stirring 

step was eliminated. 


99 Conditioning time 2 minutes, for all other experiments 
it is 1 minute. 
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Sable 

Effect of Starcli Concentration on two 
stage flocculation of 1-8 jim Barsua Slir.ie 

Pulp density 2 pet. , pH 7.0 and 0 ppm dispersant 

Eo. Starch concentration Pet. flocculated 

(pp2i) (fraction A + B) 


1 

10 

91.35 

2 

25 

94.02 

3 

50 

93.81 

4 

100 

80.29 

5 

200 

78.3 

6 

300 

58.75 

7 

400 

53.22 




jJk it 




Effect of Six Stage Elocculation on l-8|im Barsua 

Slime'^ (A11_ previous data pertained to slirae pre- 
pared from Lot I whereas data for this and folio" "ing 
tables pertain to slimes prepared from Lot II received 
in suspended pulp form) 

pH 8.5, Pulp density 2.C pot , ITa2 3iC^ o ppm. 

LaE 50 ppm. Starch 5 pp'.i. 


L 0 . of 
stage 

pet. 

Recovery pet. 

Chemi c al ihialy si s 
EspO^ pet. Si02 pet 

• AlgOj 

1 


80.95 

67.2 

10.88 

16.80 

2 


78.03 

6S. 6 

11.48 

15.04 

3 


74.37 

67.2 

11.68 

14.52 

4 


70.07 

69.6 

11.70 

14.00 

5 


66.53 

68.0 

9.64 

15.88 

6 


61.68 

71.2 

7.58 

16.00 

9 

Chemical Analysiss 

Fe20^ 66. 

4 pet. , Si02 

10.44 pet 


16.00 pet. 




TA-dIiE 


^0 


Effect of Six Stage flocculation on 1-8 inn narsua 
Slime'^ 

pH 8.5, Pulp density 2.0 pet., l'Ia2SiO^ C pp^-, 

NaP 50 ppm, Starch 10 ppm 


No. of 
stage 

pet. 

Chemical Analysis 


Recovery pet 

. Pe^O, 

2 5 

pet. Si02 pet. 

412“' j 

1 

94.51 

67 . 2 

11.84 

18.32 

2 

93.40 

64.8 

11.60 

17.52 

3 

91.06 

68.0 

11.2 

20.88 

4 

87.35 

64.3 

12.0 

15.44 

5 

85.12 

67.2 

11.80 

18.32 

6 

80.52 

64.8 

11.20 

20.88 

cp Chemical inalysis; 

Pe20^ 66. 

4 pet. , Si02 10. 

44 pet. , 


Al20^ 16.00 pet. 









Effect of Six Stage Elocculation on 1-8 Barsu 
pH 10.5, Pulp density 2.0 pet. , Fa^SiC^ 0 ppm, 
iJaP 50 ppm, Starch 5 ppm. 


3lime'' 


Ho. of 
stage 

pet. 

Hecovery 

. Chemical 

Analysis 


pet. Ee 2 ^' ^ 

pet. Si 02 

pet. ~.€l 2 C~ 

1 

81.94 

66, 4 

9.70 

15.76 

2 

78.0 

67.2 

11.0 

15.28 

3 

73.55 

6S.C 

10.0 

15.83 

4 

69.65 

69.0 

10.0 

15.32 

5 

63.61 

68.8 

10.1 

16.48 

6 

58.76 

6G, 0 

10.12 

16.40 


9 


Chemical iinalysis; Ee2C^ 66.4 pet., 

16.00 pet. 


Si02 10.41 pet. , 





TA3Lij ^ ^ , Z 


Effect of Six Stage ELocculation on 1-8 Ba 


raua Sliuie' 


pHlO. 5, Pulp density 2.0 pet. 
Starch 10 ppm. 


-'^ 2^103 5C ppm. 


No . of 
stage 

pet. 

Recovery 

_ Ciiemical Analysis 
pet. EepO^ pet. SiQ 2 

pet. Al’^O- 

2 2 

1 

88.56 

71.23 

11.06 

14,48 

2 

84.22 

65.2 

10.56 

13 . 2 c 

3 

80.27 

68.0 

10.24 

13.60 

4 

75.26 

69.6 

10.64 

13.20 

5 

71.90 

63.3 

9.56 

16.40 

6 

62.91 

70.4 

9.14 

12.00 


9 Chemical Analysis; Ee 20 ^ 66.4 pet., 

4120^ 16.00 pet. 


Si 02 10.44 pc t. , 





TABLE ^ m i 5 


Hocculation Behaviour 

01 0-/4 jam Bhilai Ore 

pH 7.0, Pulp density 1.0 pet., NaP 2 ppm, Starch 16C ppm 


Ho. Sodium Silicate concentration pet. Becov-ery 
(PP^) ( Enaction A ard B) 


5 

70 

15 

67.49 

25 

64.9 

50 

61.5 

100 

61.35 


5 






LXVI 


TiuBLE IS i£ 

Effect of Oationic Magiiafloc*^ 292 Elocculant on 
ELocculation of 1-8 [im Earsua Slime'*' 

pH 8.5> Eulp density 1.0 pet. 


Eo. 

Elocculant concentration 
(ppm) 

pet. Recovery 

1 

0 

29 

2 

0.5 

47 

3 

1 

53 

4 

2.5 

83 

5 

5 

100 


\ \ 9 Details given in reference no .19. 

+ lest Eerformed in Small Cylinders. 
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